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EFFECT OF DAMPER ON OVERALL AND BLADE-ELEMENT PERFORMANCE
OF A COMPRESSOR ROTOR HAVING A TIP SPEED OF 1151
FEET PER SECOND AND AN ASPECT RATIO OF 3.6
by George W. Lewis and Roy D. Hager
Lewis Research Center
SUMMARY
The overall and blade-element performance of two configurations of a moderately
high aspect ratio transonic compressor rotor are presented. The design tip speed is
1151 feet per second, the aspect ratio (ratio of average blade height to the hub radial
projected chord) is 3. 6, and the inlet hub-tip radius ratio is 0. 40. The subject rotor
was fabricated with conventional mechanical dampers located 27 percent of the blade
height from the tip. The performance is compared with that of a rotor configuration
using dual wire friction dampers at the 10-percent span location. Data for both rotors
were obtained for a range of speeds from 50 to 100 percent of design speed.
At design speed the subject rotor achieved a pressure ratio of 1. 52 and efficiency of
o0.89 at a near design weight flow of 72.1 pounds per second (40.0 (lb/sec)/ft of annulus
area). The rotor with wire dampers gave consistently higher pressure ratio at each
speed, but efficiencies for the two rotors were about the same. Stall margin for the sub-
ject rotor was 20.4 percent, but for the wire damped rotor only 4. 0 percent.
INTRODUCTION
The Lewis Research Center of the National Aeronautics and Space Administration is
engaged in a research program on axial-flow fans and compressors for advanced air
breathing engines. This program is directed primarily toward providing the technology
to permit reducing the size and weight of fans and compressors while maintaining a high
level of performance. One method of reducing the axial length and therefore the size
and weight of compressors is to use high aspect ratio blading.
In support of this program two transonic rotors were designed and tested to investi-
gate the effects of aspect ratio on compressor range and efficiency. One of these rotors
has blading of high aspect ratio (6. 5), and the other rotor has a more moderate aspect
ratio of 3. 6. Both rotors were designed for a pressure ratio of 1. 53, a rotor tip speed
of 1120 feet per second, and a rotor tip solidity of 1. 3. The variation in aspect ratio was
based on a change in aerodynamic chord, and the solidity was kept the same by varying
the number of blades. Overall and blade-element performance for the high aspect ratio
rotor is presented in reference 1.
The original design configuration of the rotor with an aspect ratio of 3. 6 had no blade
vibration dampers. Initial testing of this configuration indicated high bending stresses
with some blade failures. Continued testing was accomplished by installation of tandem-
laced wire friction dampers near the blade tip as reported in reference 2. This configu-
ration was designated rotor 1. The blade design was also fabricated with conventional
blade dampers and this configuration is identified as rotor 1 - mod 1 and is the subject
rotor of this report. The aerodynamic design and the overall and blade-element perfor-
mance of this rotor over the stable operating flow range from 50 to 100 percent of design
speed is presented. The overall and the radial distribution of the blade-element perfor-
mance for rotor 1 - mod 1 is compared with that for rotor 1.
AERODYNAMIC DESIGN
The flow path for rotor 1 - mod 1 is shown in figure 1. The rotor tip diameter is
20 inches, and the design tip speed is 1151 feet per second. The rotor was designed for
a pressure ratio of 1. 53, an efficiency of 0. 923, and a weight flow of 73. 9 pounds per
n • .
second (40. 33 (lb/sec)/ft of annulus area). The aspect ratio (ratio of average blade
height to axial projection of chord at hub) is 3.6. The design parameters for
rotor 1 - mod 1 (and rotor 1) are presented in tables I to HI. The velocity diagrams were
calculated based on the equations of motion, energy, and continuity. Effects of stream-
line curvature, entropy, and enthalpy gradients were included in the calculation of the
velocity diagrams.
The rotor inlet and exit blade angles (table in) were obtained in the following manner:
Velocity diagram calculations were made at two axial stations approximating the rotor-
blade leading- and trailing-edge locations. The streamline curvatures at the hub and tip
for each of the two calculation stations were determined from the flow path and assumed
to vary linearly with radius. Using these velocity diagrams and double-circular-arc air-
foil geometry, incidence and deviation angles were determined, based on a correlation of
low-speed two-dimensional cascade data from reference 3.
APPARATUS AND PROCEDURE
Test Facility
A schematic of the test facility is shown in figure 2. Air enters the test facility at
an inlet located on the roof of the building. The air passes through a flow measuring sta-
tion consisting of a thin-plate orifice, through an inlet throttle valve, and then into a
plenum chamber. The air then passes through the test section and into a collector and is
exhausted to the atmosphere. A 15 000-horsepower synchronous motor and gearbox are
used to drive the research compressor rotor.
Test Rotor
This rotor design is tested with two types of blade dampers: two wires at the
10-percent streamline (fig. 3(a)) and integral blade-to-blade dampers at the 27-percent
streamline (fig. 3(b)). The wire dampers are 0. 063-inch-diameter 700 series Inconel,
and each hoop is in three circumferential segments. The machined dampers are one
fourth blade chord long and have a maximum thickness of 0. 080 inch. It was calculated
that the rotor blades without wires or mechanical dampers would untwist about 2. 5° at
design speed.
Instrumentation
The axial locations of survey instrumentation are shown in figure 1 and the circum-
ferential locations are shown in figure 4. In the plenum chambers two pressure taps and
two thermocouples, were installed to measure plenum pressure and temperature. At the
rotor inlet (station 1) a wedge probe (fig. 5) was used to measure static pressure. At
the rotor outlet (station 2) two combination probes (fig. 6) were used to measure total
pressure, total temperature, and flow angle. Static pressure at station 2 was measured
by two wedge probes. One inner-wall and one outer-wall static-pressure tap were pro-
vided at each of the survey planes. A hot film probe was located at the inlet survey plane
for use in determining stall.
Strain gage transducers were used in measuring pressures. Iron/constantan ther-
mocouples were used in conjunction with a constant temperature (610° R) oven to deter-
mine temperature. Flow through the compressor was determined from a thin-plate ori-
fice measurement.
Compressor speed was indicated with the use of a magnetic pickup in conjunction
with a gear mounted on the drive-motor shaft. All data were measured by an automatic
digital potentiometer and recorded on paper tape. The overall accuracy of the measure-
ments is estimated to be
Inlet pressure, psi ±0. 05
Outlet pressure, psi ±0.10
Temperature, °R ±1.0
Weight flow, Ib/sec ±1.0
Speed, rpm ±50
Flow angle, deg ±2
An indication of the consistency of the data can be observed by comparing the integrated
weight flow at each measuring station with the orifice weight flow in tables IV and V.
Test Procedure
Compressor test data were taken over a range of weight flows from maximum flow to
stall conditions. For each weight flow measurements were recorded at 11 radial posi-
tions. Data were obtained at 50 to 100 percent of design.speed.
All probes were inserted into the flow stream simultaneously in obtaining the data.
The stall points were established by increasing the back pressure on the compressor un-
til a rapid fluctuation was noted in the signal from a hot film gage located at the rotor in-
let. Also fluctuations in compressor discharge pressure and blade stress were observed
when stall was encountered. The flow at which this condition occurred was indicated on
an X-Y plotter, which recorded the compressor discharge pressure as a function of
weight flow. When the stalled conditions were noted, the discharge throttle was imme-
diately opened. The weight flow was then set to within 1 pound of the weight flow at which
stall occurred to obtain the blade-element performance near stall.
Calculation Procedure
Measured outlet total temperature and total pressures were corrected for Mach num-
ber and streamline slope. The stream static pressure was corrected for Mach number
and streamline slope based on an average calibration of the probes used. The corrected
static pressure in the hub region at the rotor exit differed significantly from the mea-
sured inner wall static pressure. This difference is attributed to the combination of high
streamline slopes and high Mach numbers in the hub region. Consequently, the outlet
static pressures in the hub region used for data calculations were obtained from fairing
between the corrected static pressure at 70 percent of span and the measured inner wall
static pressure.
. Overall total pressure and total temperature ratios were obtained from a mass aver-
age of the survey data at the rotor exit and the pressure and temperature measured in the
inlet plenum.
The overall performance and the blade-element performance were calculated in ac-
cordance with the performance equations as defined in appendix A. The blade-element
data are based on the calculated flow parameters at planes approximating the blade lead-
ing and trailing edges.
The translation of flow parameters from the measuring stations to the blade leading-
and trailing-edge planes were made using the following assumptions: The actual radii and
slopes of the streamlines were assumed to correspond to those of the design streamlines
shown in table n. The total pressure, total temperature, and angular momentum of flow
along any given streamline were assumed to be constant between the measuring station
and the blade edge. The ratio of the weight flow per unit area (static density times axial
velocity) at the measuring station to the weight flow per unit area at the blade edge along
any given streamline was assumed to equal the value calculated from the flow parameters
in design. The calculation of the flow parameters at the blade edges permits more ac-
curate calculation of incidence angles, deviation angles, and such parameters as diffu-
sion factor.
RESULTS AND DISCUSSION
The overall performance for the rotor is presented first. Radial distributions of
several performance parameters are then presented for the rotor followed by the blade-
element data. Finally, a brief comparison of both the overall performance and the radial
distribution of several performance parameters for rotor 1 and for rotor 1 - mod 1 is
given
All of the plotted data, together with some additional performance parameters for
rotor 1 and rotor 1 - mod 1 are listed in tabular form. The overall performance data
are presented in tables IV and V, and the blade-element data are presented in tables VI
and VII, respectively. The abbreviations and units used for the tabular data are defined
in appendix C.
Overall Performance
The overall performance for rotor 1 - mod 1 for 50 to 100 percent of design speed is
presented in figure 7. At design speed the peak pressure ratio for this rotor is 1. 52 and
occurs at a weight flow of 72.1 pounds per second. The efficiency at this flow is 0.89.
These results compare favorably with the design pressure ratio of 1. 53, a weight flow of
73. 9 pounds per second, and an efficiency of 0. 92. Stall margin at design speed was 20. 4
percent based on the equivalent weight flow and pressure ratio at which peak efficiency
occurred as compared with the values just before stall. A peak efficiency of about 0. 90
was obtained for each speed less than design speed.
Radial Distributions
The radial distributions of selected flow and performance parameters for rotor 1 -
mod 1 are shown in figure 8. The results are presented for three flow rates at design
speed. The data shown represent the flow conditions at near stall, peak efficiency, arid
near choke. The design values are shown by solid symbols. Temperature-rise effi-
ciency, temperature ratio, pressure ratio, suction-surf ace incidence angle, meridional
velocity ratio, deviation angle, total-loss parameter, total-loss coefficient, and diffusion
factor are presented as functions of percent span from the blade tip.
At peak efficiency weight flow the total pressure ratio is close to design values ex-
cept in the region of the damper and the rotor tip. The energy input (temperature ratio)
is higher than design at the 5- and 10-percent span positions and in the blade damper
region. Correspondingly, the rotor efficiency is lower than design in these locations.
The diffusion factor was less than design from 40 percent span to the rotor hub prin-
cipally because of the increase in velocity ratio at these span locations. The near-stall
curves will be discussed later when the results are compared with those for rotor 1.
Variations With Incidence Angle
The variations of selected blade-element parameters with suction-surface incidence
angle for rotor 1 - mod 1 are presented in-figure 9. The data are presented for 60, 80,
and 100 percent of design speed for blade-element locations of 5, 10, 20, 30, 50, 70, and
90 percent span from the blade tip. Design values are shown by solid symbols.
For design speed, the incidence angle at which minimum loss occurred, was near the
design incidence angle (0°) for all blade elements except at the 90-percent span location.
At 90-percent span the minimum loss occurred at the minimum measured incidence angle
of 2° which is also the choke flow test point. Based on the high value of meridional ve-
locity ratio corresponding to this point, the flow is apparently displaced toward the hub as
choking flow is approached, accounting for the reduced loss for this condition. The level
of loss at design speed and zero incidence angle at the 5-, 10-, and 30-percent span lo-
cations is higher than design values but is comparable to design at all other span loca-
tions. The effect of the blade damper on losses is evident at the 30-percent span loca-
tion where the level is high for all speeds. In general, the diffusion factor increases
with increasing incidence, as expected. However, at design speed in the tip region
(5. 0 and 10. 0 percent span) and also at 70-percent span, the loading (diffusion factor)
peaks at high flow and gradually reduces with increasing incidence angle. This is prob-
ably the result of a redistribution of flow caused by losses and blockage in the damper
region.
Comparison of Performance for Rotor 1 and Rotor 1 - mod 1
The overall performance and radial distributions of several performance parameters
for rotor 1 and rotor 1 - mod 1 are compared. The overall performance for the two
rotors is compared in figure 10 where both the total pressure ratio and the total temper-
ature ratio for rotor 1 exceed those of rotor 1 - mod 1 over the range of weight flows for
the three speeds shown. The peak efficiency at 90 and 100 percent of design speed was
about the same for both rotor configurations but occurred at different weight flows. Both
the maximum and the peak efficiency weight flow for rotor 1 is larger than that for
rotor 1 - mod 1. The increased flow and increased temperature ratio for a given flow
for rotor 1 is probably due largely to blade untwist. The data for rotor 1 mod 1 indicate
that at design speed a change in flow of 2. 5 pounds per second corresponds to a change in
incidence angle of about 1 in the tip region. Thus the difference in choking weight flow
of 1. 0 pound per second between the two configurations could be caused by blade untwist
of the rotor 1 blades of less than 1°. Rotor 1 stalled at a higher weight flow than
rotor 1 - mod 1. Stall margin for rotor 1 at design speed is only 4 percent.
Comparison of Radial Variations of Performance Parameters
The radial distributions of selected flow and performance parameters at design speed
for the two rotors are shown in figure 11. The data presented are for peak efficiency
points and may be compared with design values (dashed lines). The peak efficiency points
for this comparison are for differing flow rates: rotor 1 - mod 1, 72.1 pounds per sec-
ond; rotor 1, 76.0 pounds per second; and design, 73.9 pounds per second. The effects
of wire dampers (rotor 1) and conventional dampers (rotor 1 - mod 1) on the aerodynamic
performance are indicated by the drop in total pressure and increase in temperature ratio
in the region of the dampers. For rotor 1 the losses in the wire-damper region are par-
ticularly large. The higher energy level, pressure ratio, and efficiency for this rotor
fromthe wire-dam per region to the rotor hub result from the improved incidence and de-
viation angles obtained with the higher flow.
Rotor 1 - mod 1 exhibits a considerable decrease in flow rate before stall is en-
countered, whereas the stall flow rate for rotor 1 is only slightly below that for peak ef-
ficiency (fig. 10). The radial distributions of diffusion factor, total loss coefficient, and
meridional velocity ratio for the near stall operation of these rotors at design speed are
compared in figure 12. Equivalent values of weight flow for these plots are 58. 5 pounds
per second for rotor 1 - mod 1 and 74. 3 pounds per second for rotor 1.
The near stall flow condition for rotor 1 - mod 1 is characterized by very high load-
ing and losses in the region of the dampers. The meridional velocity ratio is very low in
the damper region, but substantially increased in the tip region, indicating a consider-
able redistribution of flow.. As a result the diffusion factor in the tip region is reduced to
about 0. 4. This rotor apparently stalls first in the region of the dampers. For rotor 1,
the maximum diffusion factor occurs in the region of the wire dampers, but there is no
appreciable displacement of the flow. Thus, even though the weight flow at stall is con-
siderably higher, the diffusion factor in the tip region for rotor 1 is greater than that for
rotor 1 - mod 1. Apparently the conventional midspan dampers of rotor 1 - mod 1 cause
a flow displacement into the tip region that postpones the onset of stall as flow is de-
creased.
SUMMARY OF RESULTS
The overall and blade-element performances of an experimental compressor rotor
having an aspect ratio of 3:6 has been presented. The subject rotor (rotor 1 - mod 1)
had conventional blade dampers. Performance is compared with a similar rotor having
wire dampers (rotor 1). The following principal results were obtained:
1. For rotor 1 - mod 1, at design speed and near-design weight flow of 72.1 pounds
per second, the measured pressure ratio was 1. 52 and a peak efficiency of 0.89 was ob-
tained.
2. Radial surveys indicated that at the peak efficiency weight flow the design effi-
ciency was obtained over the blade height except in the damper and tip regions.
3. For all speeds presented, a higher pressure ratio was obtained over the entire
flow range with rotor 1 having wire dampers than that for rotor 1 - mod 1 with conven-
tional dampers. Efficiencies for the two rotors were very nearly the same.
4. The stall margin for rotor 1 - mod 1 was 20.4 percent as compared with 4. 0 per-
cent for rotor 1. Apparently, the conventional dampers caused a redistribution of flow
which reduced the diffusion factor in the tip region.
Lewis Research Center,
National Aeronautics and Space Administration,





2A&n annulus area at rotor inlet, 1. 833 ft
A. frontal area at rotor inlet, 2. 182 ft2




g acceleration of gravity, 32. 18 ft/sec
i incidence angle, angle between inlet air direction and line tangent to blade
mean camber line at leading edge, deg
i__ incidence angle, angle between inlet air direction and line tangent to blade
So
suction surface at leading edge, deg
J mechanical equivalent of heat, 778. 16 ft-lb/Btu
N rotor speed, rpm
P total pressure, psia
p static pressure, psia
R gas constant, 53. 35 ft-lb/(lb)(°R)
r radius, in.
SM stall margin
T total temperature, °R
U rotor speed, ft/sec
V air velocity, ft/sec
W weight flow, Ib/sec
x-factor ratio of suction-surface camber ahead of assumed shock location of multiple-
circular -arc blade section to that of a double-circular-arc blade section
Z displacement along compressor axis, in.
at cone angle, deg
\*
cv streamline slope, degs
ft air angle, angle between air direction and meridional plane, deg
/3' relative meridional air angle based on cone angle, arctan (tan /3' cos a /
cos aj, deg
O
y ratio of specific heats> 1. 40 Btu/(lb)(°R)
y, blade setting angle, deg
6 ratio of plenum total pressure to standard pressure of 14. 69 psia
6° deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, (/3^)TE - (/cmc)LE, deg .
77 efficiency
9 ratio of plenum total temperature to standard temperature of 518. 7° R
K angle between blade mean camber line at leading or trailing edge and meri-
1I1L/ _ - . •
dional plane, deg ' - >
K angle between blade suction-surface camber line at leading edge and meri-S S " ' - . . " ' " • - ' " , • "
dional plane, deg
CT solidity, ratio of chord to spacing .
a) total loss coefficient
cJ profile loss coefficient
cU shock loss coefficient
s -• • -.-.•• _ .' .
Subscripts:





TE blade trailing edge
9 tangeiitiai direction
Superscript:




The performance parameters referred to in the main text are defined as follows:
Incidence angle based on suction-surface bland angle:
ss =




VTFD= 1 -_IE +
















































Equivalent weight flow per unit annulus area:
W^ (B14)
Equivalent weight flow per unit frontal area:
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, in.
ratio of actual flow area to critical area (where local Mach
number is 1)
meridional air angle, deg
angle between axial direction and conical surface representing
blade element, deg -
difference between mean camber blade angle and suction-
surface blade angle, deg
deviation angle (defined by eq: (B3)), deg ;
diffusion factor .(defined by eq. (B4)) • " • • . ' .
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean
defined by eq. (B2))
angle between blade mean camber line and meridional plane at
leading edge, deg
 :
angle between blade mean camber line and meridional plane at
trailing edge, deg
angle between blade mean camber line and meridional plane at
transition point, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)


































inlet radius (leading edge plane), in.
outlet radius (trailing edge plane), in.
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, ft/sec
suction surface
slope of streamline, deg
tangential
temperature, R
thickness of blade at leading edge, in.
thickness of blade at maximum thickness, in.
thickness of blade at trailing edge, in.
total
difference between inlet and outlet blade mean camber line, deg
velocity, ft/sec
equivalent weight flow, Ibm/sec
ratio of suction-surf ace camber ahead of assumed shock loca-
tion of multiple-circular-arc blade section to that of double-
circular-arc blade section
axial distance to blade maximum thickness point from inlet, in.
axial distance to blade trailing edge from inlet, in.
axial distance to transition point from inlet, in.
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TABLE I. - DESIGN OVERALL PARAMETERS
FOR ROTOR 1 - MOD 1
TOTAL PRESSURE RATIO 1.530
TOTAL TEMPERATURE RATIO 1.140
EFFICIENCY 0.923
HT FLOW PER UNIT FRONTAL AREA 33.873
MT FLOW PER UNIT ANNULUS AREA 40.325




TABLE H. - DESIGN BLADE ELEMENT PARAMETERS FOR


































































































































































































































































































































































































































































































































































































































































TABLE III. - BLADE GEOMETRY FOR
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TABLE IV. - OVERALL PERFORMANCE FOR ROTOR 1






NT FLOH PER UNIT FRONTAL AREA
HT FLOM PER UNIT ANNULUS AREA
MT FLOM AT ORIFICE
HT FLOM AT INLET
HT FLOM AT OUTLET
RPN




























































































HT riOH PER UNIT FRONTAL AREA
HT FLOH PER UNIT ANNULUS AREA
HT FLOH AT ORIFICE
HT FLOM AT INLET
HT FLOH AT OUTLET
RPN




























































































HT FLOH PER UNIT FRONTAL AREA
HT FLOH PER UNIT ANNULUS AREA
HT FLOH AT ORIFICE
HT FLOH AT INLET
NT FLON AT OUTLET
RPN
PERCENT Of DESIGN SPEED






























































TABLE V. - OVERALL PERFORMANCE FOR ROTOR 1 - MOD 1






Weight flow per unit frontal area
Weight flow per 'unit annulus area
Weight flow at orifice
Weight flow at inlet
Weight flow at outlet
Speed, rpm




































































Weight flow per unit frontal area
Weight flow per unit annulus area
Weight flow. at orifice
Weight flow at inlet
Weight flow at outlet
Speed, rpm




































































Weight flow per unit frontal area
Weight flow per unit annulus area
Weight flow at orifice
Weight flot at inlet
Weight flow at outlet
Speed, rpm































































TABLE V. - Concluded. OVERALL PERFORMANCE FOR ROTOR 1 - MOD 1






Weight flow per unit frontal area
Weight flow per unit annulus area
Weight flow at orifice
Weight flow at inlet
Weight flow at outlet
Speed, rpm




































































Weight flow per unit frontal area
Weight flow per unit annulus area
Weight flow at orifice
Weight flow at inlet
Weight flow at outlet
Speed, rpm











































































TABLE VI. - BLADE-ELEMENT PERFORMANCE FOR ROTOR 1





























































































































































































































































































































































































































































































































































TABLE VI; - Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(b) 70 Percent of design speed; reading 153



























































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(c) 70 Percent of design speed; reading 155




















































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(d) 70 Percent of design speed; reading 156





















































































































































































































































































































































































































































































































































TABLE VI. - Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(e) 70 Percent of design speed; reading 157





























































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(f) 70 Percent of design speed; reading 158



























































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(g) 70 Percent of design speed; reading 159




























































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(h) 90 Percent of design speed; reading 172




























































































































































































































































































































































































































































































































































TABLE VI. - Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(i) 90 Percent of design speed; reading 173


























































































































































































































































































































































































































































































































































TABLE VI. - Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(j) 90 Percent of design speed; reading 174





































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1






















































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(Z) 90 Percent of design speed; reading 176





























































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(m) 90 Percent of design speed; reading 177










































































































































































































































































































































































































































































































































TABLE VI. - Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(n) 90 Percent of design speed; reading 178
























































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1































































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(p) 100 Percent of design speed; reading 180

















































































































































































































































































































































































































































































































































TABLE VI. - Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(q) 100 Percent of design speed; reading 181




























































































































































































































































































































































































































































































































































TABLE VI. -Continued. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
































































































































































































































































































































































































































































































































































TABLE VI. -Concluded. BLADE-ELEMENT PERFORMANCE
FOR ROTOR 1
(s) 100 Percent of design speed; reading 184




























































































































































































































































































































































































































































































































































TABLE VH. -BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
































































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
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TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1

































































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1

































































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1































































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
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TABLE VTJ. -Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
































































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
































































































































































































































































































































































































































































































































































TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
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TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
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TABLE VII. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
































































































































































































































































































































































































































































































































































TABLE VII. - Continued. BLADE-ELEMENT PERFORMANCE FOR
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TABLE VH. -Continued. BLADE-ELEMENT PERFORMANCE FOR
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TABLE VH. - Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
(s) 90 Percent of design speed; reading 392
































































































































































































































































































































































































































































































































































TABLE VII. -Continued. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
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TABLE VII. - Concluded. BLADE-ELEMENT PERFORMANCE FOR
ROTOR 1 - MOD 1
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Figure 1. - Compressor flow path for rotor 1 - mod 1.
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(a) Rotor 1. (b) Rotor 1 - mod 1.
Figure 3. - Axial-flow compressor test rotors.
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Figure 4. -Circumferential location of measurements.
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Figure 5. - Static-pressure probe; 8° C-shaped wedge.
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Figure 6. - Combination total pressure, total
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FIGURE 7. - OVERALL PERFORMANCE FOR ROTOR 1 - MOD 1. 69
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Figure 10. - Comparison of overall performance of rotor having conventional
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Figure 11. - Comparison of radial distribution of performance at design speed and peak efficiency for rotor with conventional
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Figure 12. - Comparison of rotor performance near stall
at design speed.
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